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Abstract: This work aims at the climate change impacts and adaptation to surface flow of Swat river and glacier 
resources in Swat river catchments area, Hindu Kush ranges, Northwest Pakistan. The data about temperature and 
precipitation have been collected from the Pakistan Meteorological Department, Karachi, whereas the Swat River flow 
data from the Irrigation Department, Peshawar, Khyber Pukhtunkhwa. Two types of climate that is humid and 
undifferentiated highlands prevail over the area. The total precipitation recorded has been 41.8inches (1061.7 
millimeters) with mean monthly precipitation of 3.5 inches (88.9 millimeters) having a decrease of -0.1 inch (-2.8 
millimeters). The area has been humid during 2004 and currently at the threshold of the sub-humid climates (20-40 
inches).  Kalam valley experiences cold long winters (7 months) and short warm summers (5 months). The mean 
temperature reveals an increase of 0.90C, maximum temperature 0.40C and mean minimum temperature 0.50Celsius. 
This increase in the temperature of the area has caused water stress and retreat of glaciers and affected the permafrost 
condition at higher altitudes in the area. The annual flow of the Swat river is 192.2 cubic meter/seconds with a decline 
of -0.03 cubic m/sec from 2003 to 2013. The annual trend of water flow is directly proportional to precipitation and 
contrary to maximum temperature during 2003 to 2012 and shows converse condition till 2013. The decrease in the 
flow of Swat river seems both in winter and summer season. The glaciers and snow covered area of the Kalam valley 
decreases with passage of time and required mitigation. The vulnerability of the study area to climate change can be 
minimized by the construction of small reservoirs, river embankments, improvement in sewerage and sanitation, 
planning for flood water, and revision of the water management policy, implementation, and establishment of research 
and development funds. 
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1. Introduction 
Climate change and its impacts on the water sector and 
glaciers have attracted interest of the researchers on 
local as well as international level. Anthropogenic 
activities, socio-economic growth, as well as 
environmental changes are closely related with the 
phenomenon of climate change and water resources. 
Moreover, climate and environmental conditions like 
aridity, drought, floods, land sliding have impacts on 
the agriculture, food security, water resources and well 
being of humans in the Kalam valley, Swat district, 
Northwest Pakistan. 
The current work deals with the Kalam and Utror 
valleys, which extends northeast to southwest from 
latitudes 350-18` into 350-53`North longitudes 720-12` 
to 730East. The study area extends from the Bahrain 
union council of Swat district in the south to Ghizar 
and Gilgit districts in the North, Upper Dir in the west, 
Kohistan and Chilas districts in the east (Fig. 1). 
Kalam union council consists of four villages that 
are Kalam, Jalbanr, Ashuran, and Buyun. The total 
projected population of the Kalam union council is 
20,200, which comprises of 10,500 male and 9,600 
female (GoP, 1998). Kalam is the most populated, 
commercial and tourism center of the area (10,490 
populations). Utror union council is covered by four 
revenue areas that are Utror, Kaney, Bahan, and Sazgul 
(Gabral). The total projected population of the union 
council is 11,700, which consists of 6.100 males and 
5,600 females.  
Khan (2001) has discussed the searching evidence 
for climate change based on analysis of hydro-
meteorological time series in the upper Indus basin. 
Hayat, Bari, Sheikh, and Chaudhry in 2001 have 
studied the history’s worst drought conditions 
prevailed over Pakistan and it impacts as compared to 
other disasters like floods and tropical storms etc.  
Akhtar, Tushaar, Qureshi in 2003 have presented a 
report on the groundwater economy of Pakistan. 
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Shrestha and Shrestha (2004) have conducted study on 
the recent trends and potential climate change impacts 
on glacier retreat/glacier lakes in Nepal and potential 
adaptations. Rome (2005) has presented a study on the 
Forestry in the Princely State of Swat and Kalam 
(North-West Pakistan). The other workers are; Archer 
& Flower (2005), Basuray, Rao, and Gosain (2006), 
Haque (2007), Ramamasy (2007), IPCC (2007), Ali 
(2008), Archer, and Fowler (2008), Ali, Khan, Jam, 
and Nafees (2008), Roohi (2009), Karki, Shrestha, and 
Winiger (2011), IUCN (2011), Hussain, Hussain, Sial, 
Akram, and Farhan (2011), Hewitt, (2011). 
Hindu Kush-Karakorum-Himalaya ranges, join 
together at the northern boundary of the Kalam valley 
to host world’s largest repository of snow and 
glaciated ice outside Polar regions. This fragile 
mountainous environment is adversely vulnerable 
towards specter of climate warming and sever events. 
Keeping in view the importance, a study has been 
devised to evaluate the climate change impacts and 
adaptation to water resources and glaciers in Kalam 
valley, Hindu Kush ranges, Swat district, Northwest 
Pakistan. 
Methodology 
The study based on the analysis of precipitation as 
independent variable, whereas temperature and water 
resources as dependent variables. The main objective 
of the work is to evaluate the precipitation and 
temperature fluctuation taking into account the 
secondary data from 2003 to 2013, and its impact on 
the flow of Swat river and glacier resources. The 
hypothesis has been tested is, “The current climate 
change scenario in Pakistan has increased the retreat of 
glaciers in Hindu Kush mountains and affected the 
flow of Swat river that need mitigation.” 
The monthly and annual averages and deviation 
from the mean have been calculated for Kalam met-
observatory and tabulated for the purpose of analysis. 
The monthly mean and annual data of temperature and 
precipitation are further processed into seasonal means 
and deviation. Based on temperature, the area under 
study was classified into two main seasons that is 
winter and summer. Therefore, months of the year with 
positive deviation from the mean condition were 
considered as summer months, otherwise winter. 
Moreover, based on annual cycle of temperature and 
precipitation, these two seasons were further divided 
into four sub-seasons that are cold, pre-monsoon, 
monsoon, and post-monsoon season (Fig. 2). 
The annual mean and deviation from the mean 
condition for the flow of Swat river has been 
calculated using statistical techniques and the data 
plotted on graphs for the purpose to evaluate the 
impacts of climate change on the flow of water in Swat 
river and its tributaries. The data have further 
condensed into seasonal trends and to analyze that 
whether the change is pinnacle during winter or 
summer season. The glaciers covered area has been 
extracted from topographical maps and matched with 
 
Fig. 1 Map of the Study Area. 
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the satellite image of 2000 and updated from Google 
Earth using GIS and remote sensing technology. The 
Geographical Information System (GIS) layers have 
been correlated with each other to conclude, whether 
there is visible reduction in the snow covered area of 
Kalam valley or not? The natural lakes have been 
marked from the topographical maps and updated from 
the Google Earth (2014). The current (2014) and 
previous (1998) area covered by natural lakes have 
been correlated with each other in the natural lakes and 
how much among them still exists or has turned dry?. 
climate change impacts, adaptation, and water 
resources issues in the study area. 
Results and Discussions 
The section discusses the main findings of the work 
with special reference to precipitation, temperature,  
Precipitation Fluctuation 
Precipitation is the most important element of the 
climate that affects water resources of area. Kalam 
valley receives a total of 41.8 inches (1061.7 
millimeters) annual precipitation and fall in humid 
climate with mean monthly precipitation of 3.5 inches 
(88.9millimeters). The sum of deviation from the mean 
shows total decrease of -0.1inch (-2.8 millimeters) 
during 2003-2013 (Table 1). The total precipitation of 
 
 
 Fig. 2  Kalam, Swat District, Deviation of Mean Monthly Maximum and Minimum 






































Precipitation 1.2 4.9 2.3 1.8 -0.1 -2.4 -1.9 -1.6 -1.8 -1.0 -1.4 -0.3 
Maximum -11.4 -10.6 -5.5 0.2 5.3 8.5 8.5 7.7 5.8 2.0 -2.4 -7.7 
Minimum -5.1 -2.6 1.7 0.0 4.7 8.0 10.1 9.7 5.7 0.4 -3.2 -0.9
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Table 1.  Kalam, Swat District Mean Annual Precipitation and Deviation from the Mean (inches) 2004-2013, 
PMDC, Karachi. 
Year Sum Devi Summer Devi Winter Devi Cold Devi 
Pre-
Monsoon 




2004 52.5 10.7 8.9 -0.8 43.6 11.5 27.2 1.4 7.0 -0.2 4.4 0.1 13.8 9.4 
2005 53.4 11.6 10.4 0.7 43.0 10.9 33.4 7.6 10.4 3.2 3.4 -0.9 6.2 1.8 
2006 46.1 4.3 7.8 -1.9 38.3 6.2 32.3 6.5 7.1 -0.1 2.6 -1.7 4.1 -0.3 
2007 35.9 -5.9 16.1 6.4 19.8 
-
12.3 
18.3 -7.5 11.7 4.5 4.9 0.6 1.0 -3.4 
2008 39.7 -2.1 5.8 -3.9 33.9 1.8 29.3 3.5 5.4 -1.8 3.0 -1.3 1.9 -2.5 
2009 33.8 -8.0 1.4 -8.3 32.4 0.3 26.8 1.0 3.5 -3.7 1.0 -3.3 2.5 -1.9 
2010 47.1 5.3 20.2 10.5 26.8 -5.3 24.7 -1.1 8.6 1.4 12.1 7.8 1.6 -2.8 
2011 39.6 -2.2 6.5 -3.2 33.1 1.0 25.2 -0.6 5.3 -1.9 3.0 -1.3 6.2 1.8 
2012 35.9 -5.9 11.5 1.8 24.4 -7.7 19.9 -5.9 7.1 -0.1 3.9 -0.4 5.0 0.6 
2013 33.9 -7.9 8.4 -1.3 25.5 -6.6 21.3 -4.5 5.9 -1.3 4.9 0.6 1.8 -2.6 
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the area was 52.5 inches (1333 millimeters) in 2004 
(humid climate) that declined to 33.9 inches 
(861millimeters) in 2013 (sub-humid climates). If the 
precipitation concentration is decreasing at this rate, 
then the area will shift to have sub-humid climate by 
the year 2015. This depletion in the precipitation is not 
only affecting the well being of the locals but has 
reduced the glaciers covered area and water resources 
in the catchments area of Swat River. The deviation of 
mean monthly precipitation was 10.7 inches (271.8 
millimeters) in 2004 that dropped to 7.9 inches (200.7 
millimeters), in 2013 (decline of 18.4 inches or 467.4 
millimeters). 
The summer season of the area varies from May to 
September (five months) and the winter season from 
September to March that is seven months (Fig 2). The 
average precipitation of summer season is 9.7inches 
(246.4 millimeters), whereas in winter it is 32.1 inches 
(815.3 millimeters). 
The seasonal deviation of precipitation plotted on 
Table1 shows that the summer showers have decreased 
from -0.8 inch (-20.3 millimeters) in 2004 to -1.3 
inches (-33 millimeters) in 2013. The sum of deviation 
from the mean of summer season shows a total 
decrease of -0.07inch (-1.8 millimeters). The winter 
precipitation of the valley has 11.5 inches 
(292.1millimeters) in 2004 that dropped to -6.6 inches 
(167.6 millimeters) in 2013 (total decrease of 
18.1inches or 459.7millimeters). The sum of deviation 
from the mean condition of winter season is -0.03inch 
or -0.8millimeters. Generally, the precipitation in the 
area has decreased both in summer and winter seasons 
but this reduction is more in winter as compared to 
summer months.  
Temperature Fluctuation 
The area signifies two types of temperature zones. The 
temperature of coldest months of Kalam valley is less 
than 00C from December to March and constitutes cold 
climates. The high altitude mountain peaks like Falak 
ser, Seven Sisters etc are covered by glaciers and its 
temperature remains below freezing throughout the 
year and counted in undifferentiated highlands 
climates (Table 2).  
The mean monthly temperature of the valley is 
10.70C with mean monthly maximum temperature of 
17.80C and mean monthly minimum temperature of 
3.50C (2003-2013). The highest mean monthly 
maximum temperature of 260C is recorded in June and 
July respectively, whereas the lowest of 6.10C in 
January. The highest mean monthly minimum 
temperature of the area is 13.60C in July and the lowest 
mean monthly minimum temperature of -8.60C 
recorded in January and regarded as the hottest and 
coldest months of the year. The mean monthly 
temperature of Kalam valley shows a total increase of 
0.90C with an increase of 0.40C in maximum and 0.50C 
in minimum temperature during 2003 to 2013. 
During summer, the trends of mean monthly 
maximum and minimum temperature show an increase 
throughout the period. The sum of deviation from the 
mean maximum temperature during summer is -0.30C 
that is it decreases (Table 2). Furthermore, the 
deviation of mean monthly minimum temperature 
shows a positive deviation from the mean condition 
that is 0.40C (increase) having lowest of -1.10C in 2003 
and highest of 10C in 2013. This increase in the 
maximum as well as minimum temperature of the area 
has altered the night from cold to warm, pleasant, and 
provides suitable condition for the retreat of glaciers 
that affected the flow of water from springs as well as 
Swat River (Table 3). 
The winter season of the area is characterized by 
cold climates with heavy snowfall and chill condition. 
During winter, the deviation of mean monthly 
maximum and minimum temperature shows an 
increasing trend from 2003 to 2013. The sum of 
deviation of mean maximum temperature is 0.50C with 
 
Table 2.   Kalam, Swat District Mean Monthly Maximum Temperature and Deviation (0C) 2003-2013, PMDC, 
Karachi. 
Year Aver Devi 
Summer Winter Cold Mild Warm Cool 
Mean Devi Mean Devi Mean Devi Mean Devi Mean Devi Mean Devi 
2003 15.9 -1.6 22.4 -2.3 11.2 -1.2 7.8 -0.8 17.6 -1.6 19.1 -1.9 11.3 -1.5 
2004 17.2 -0.3 24.6 -0.1 12.0 -0.4 8.4 -0.2 19.0 -0.2 20.9 -0.1 12.2 -0.6 
2005 16.6 -0.9 24.2 -0.5 11.3 -1.1 7.9 -0.7 17.6 -1.6 20.9 -0.1 11.7 -1.1 
2006 18.0 0.5 25.4 0.7 12.7 0.3 8.7 0.1 20.2 1.0 21.3 0.3 13.1 0.3 
2007 18.5 1.0 24.8 0.1 14.0 1.6 9.5 0.9 20.2 1.0 21.0 0.0 13.8 1.0 
2008 17.9 0.4 25.2 0.5 12.7 0.3 8.7 0.1 19.8 0.6 21.1 0.1 13.3 0.5 
2009 17.2 -0.3 25.6 0.9 11.3 -1.1 7.6 -1.0 19.8 0.6 21.7 0.7 12.4 -0.4 
2010 17.2 -0.3 23.5 -1.2 12.7 0.3 8.4 -0.2 18.1 -1.1 20.4 -0.6 13.4 0.6 
2011 17.4 -0.1 25.7 1.0 11.5 -0.9 7.6 -1.0 20.5 1.3 21.2 0.2 12.5 -0.3 
2012 17.0 -0.5 24.7 0.0 11.6 -0.8 7.8 -0.8 18.6 -0.6 21.7 0.7 12.3 -0.5 
2013 20.0 2.5 25.4 0.7 16.1 3.7 11.9 3.3 19.8 0.6 21.3 0.3 15.0 2.2 
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a regression value of 0.170C. The lowest maximum 
temperature is negative (-1.20C) in 2003 that raise to 
positive deviation of 3.70C in 2013 (almost 50C 
increase). The sum of deviation from the mean 
minimum temperature is 0.30C and shows an increase 
throughout the series.  
Impact on Water Resources 
The sternest potential threat arising from climate 
change in the Kalam and Utror valleys of Swat district 
is retreat of glaciers, water flow in Swat River, water 
springs, streams irrigation, and freshwater availability 
for domestic use. Kalam valley is cold area and most 
of its economy is based on the primary activities 
particularly agriculture.  
Quality of Fresh Water 
Water quality would suffer from the fluctuation in 
temperature and precipitation in terms of seasonal 
floods, absorption of freshwater for recharging of 
water table. The poor water quality effectively 
diminishes the availability of potable water particularly 
spring feeding areas of the Kalam. Lower water levels 
tend to lead to higher pollutant concentrations in Swat 
River as well as water table, whereas high flow events 
and flooding increase turbidity and the flushing of 
contaminants into the water system.  
Warmer air temperatures would result in increased 
surface-water temperatures, decreased duration of ice 
cover and, in some cases, lower water levels in Swat 
River and its tributaries. These changes may contribute 
to decrease concentrations of dissolved oxygen, higher 
concentrations of nutrients such as phosphorus, and 
summer taste and odor problems. River flows would 
become more variable in the future due to melting of 
glaciers before the time, with more flash floods and 
lower minimum flows particularly in summers. Both 
types of hydrological extreme (glaciers and flash 
floods) have been shown to negatively affect water 
quality in Swat river. 
Table 3. Kalam, Swat District Mean Monthly Minimum Temperature (0C) 2003-2013, PMDC, Karachi. 
Year Aver Minim 
Winter Summer Cold Mild Warm Cool 
Mean Dev Mean Dev Mean Dev Mean Dev Mean Dev Mean Dev 
2003 2.5 -1.0 -2.8 -0.9 10.0 -1.1 -3.9 -0.7 6.5 -0.7 9.3 -1.2 2.1 -0.8 
2004 3.4 -0.1 -1.4 0.5 10.1 -1.0 -2.5 0.7 7.0 -0.2 9.2 -1.3 2.3 -0.6 
2005 3.4 -0.1 -2.5 -0.6 11.7 0.6 -3.4 -0.2 7.8 0.6 10.2 -0.3 2.6 -0.3 
2006 4.4 0.9 -0.8 1.1 11.7 0.6 -2.2 1.0 7.4 0.2 11.2 0.7 3.3 0.4 
2007 3.9 0.4 -1.6 0.3 11.5 0.4 -2.7 0.5 7.8 0.6 10.6 0.1 2.5 -0.4 
2008 3.0 -0.5 -2.9 -1.0 11.3 0.2 -4.4 -1.2 7.6 0.4 10.3 -0.2 2.9 0.0 
2009 3.0 -0.5 -2.9 -1.0 11.3 0.2 -3.9 -0.7 7.6 0.4 10.3 -0.2 1.9 -1.0 
2010 2.4 -1.1 -3.1 -1.2 10.0 -1.1 -4.3 -1.1 5.9 -1.3 9.8 -0.7 2.3 -0.6 
2011 3.4 -0.1 -2.7 -0.8 11.9 0.8 -4.2 -1.0 7.3 0.1 11.1 0.6 3.4 0.5 
2012 3.4 -0.1 -2.0 -0.1 11.0 -0.1 -3.5 -0.3 6.5 -0.7 11.1 0.6 3.0 0.1 
2013 6.2 2.7 2.1 4.0 12.1 1.0 0.2 3.4 7.4 0.2 11.8 1.3 5.3 2.4 
Aver 3.5 0.5 -1.9 0.3 11.1 0.4 -3.2 0.5 7.2 -0.5 10.5 -0.4 2.9 -0.1 
 
 
Fig. 3 Kalam Valley, the Existing Drainage System and Catchments Areas. 
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Impacts on Swat River Flow 
Water is a precious resource for the existence of 
the mankind and without water availability it is hard to 
survive. Water sector is playing a vital role in the 
development of the human societies in the entire upper 
Swat River catchments area. The water flow in Swat 
River and its tributaries are running dry and it is 
expected that it will be further affected due to the 
ongoing climate change and result in decline of the 
agriculture productivity and the well being of the 
people. 
The river originates at the extreme north of Swat 
valley from a natural lake and glaciers (Gorbela 
glacier). The water from glaciers and natural lake fall 
into Ushu and Utror valleys in the form of linked 
streams locally called “Gol” and “Khor.” These two 
main streams known as Ushu and Utror; join each 
other at Kalam and form Swat River that passes 
through the core of Hindu Raj (Hindu Kash) mountains 
  
Fig. 4 Swat River, Deviation from the Mean Monthly Flow Maximum Temperature and Precipitation at Pishmal 
(1962-2013). 
 
Fig. 5 Kalam, Swat district, correlation of Mean Monthly Temperature, River Flow, and Precipitation 






























































Discharge -72.5 -73.8 -70.6 -39.9 41.3 160.7 168.6 80.1 -7.9 -52.1 -64.5 -69.8
Precipitation 1.2 4.9 2.3 1.8 -0.1 -2.4 -1.9 -1.6 -1.8 -1.0 -1.4 -0.3 
Maximum -11.4 -10.6 -5.5 0.2 5.3 8.5 8.5 7.7 5.8 2.0 -2.4 -7.7 




























































Precipitation 52.5 53.4 46.1 35.9 39.7 33.8 47.1 39.6 35.9 33.9
Maximum 15.9 17.2 16.6 18.0 18.5 17.9 17.2 17.2 17.4 17.0 20.0 
Minimum 2.5 3.4 3.4 4.4 3.9 3.0 3.0 2.4 3.4 3.4 6.2 
Flow 169.5 208.8 208.8 182.7 167.5 268.3 204.9 147.7 171.5
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
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and entered into Peshawar valley. In the past, the river 
was designated by the name “Sawastu river” (Fig. 3). 
Mean Annual Flow 
The annual flow of Swat River plotted on Figure 4, 
reveals that the discharge remains high in June and 
July (169m3/sec) with the positive deviation in 
maximum temperature upto 8.50C. Generally, the flow 
is lower from October to April (winter months) and 
higher during May to September (summer months). 
The water discharge is directly proportional to the 
maximum temperature and inverse to precipitation. 
The average flow of the river is 192.2 Cubic m/sec 
during 2003 to 2013 with a total decline of -0.03 cubic 
m/sec (Table 4). 
The correlation of annual flow in Swat River with 
mean annual maximum temperature and precipitation 
is plotted on Figure 5. The cross matching of these 
variables represents the relationship between flow and 
the weather elements. The figure reveals that the 
intensity of flow is directly proportional to 
precipitation during 2003 to 2012 and converse to 
maximum temperature. Onward 2012, the discharge of 
water is inversely proportional to precipitation and 
shows a direct relationship with the maximum 
temperature (Fig. 5). 
Seasonal Flow 
During summer, the average flow in Swat river has 
219 cubic m/sec, having highest of 490 cubic m/sec in 
2010 and lowest of 271 cubic m/sec in 2012. The flow 
of the river has 285 cubic m/sec in 2005 that increased 
to 288 cubic m/sec in 2013. 
In pre-monsoon season (Mild season), the average 
flow of the river is 228 cubic m/sec with a highest of 
314 cubic m/sec in 2010 and lowest of 163 cubic m/sec 
in 2012. During monsoon season (warm season), the 
average flow of the river is 303 cubic m/sec with 
highest of 585 cubic m/sec in 2010 and lowest of 186 
cubic m/sec in 2011. Generally, the flow of Swat River 
in summer season has remained high during 2010 and 
low in 2012 (Table-4). 
In winter season, the average flow of Swat River 
is 102 cubic m/sec with highest flow of 156 cubic 
m/sec in 2011 and lowest of 59 cubic m/sec in 2012. 
Generally, the flow of the river shows an alarming 
decrease from 2007 to 2013. As far as the cold season 
flow is concerned, the average flow of the season has 
82 cubic m/sec having maximum of 127 cubic m/sec in 
2011 and minimum of 49 cubic m/sec in 2012. During 
post monsoon season, the average flow of the river is 
74 cubic m/sec with highest of 112 cubic m/sec in 
2011 and lowest of 23 cubic m/sec in 2013. 
Fluctuation in the Water Flow 
The annual discharge of the river shows decrease 
throughout the series. The deviation from the mean of 
water flow is presenting a decrease of -0.03 cubic 
m/second during 2003-2013. 
The annual trend of summer and winter season’s 
flow of Swat River is plotted on Figure 6. The trend 
shows that the discharge of water in the river decreases 
both in summer and winter seasons throughout the 
series. In summer, the total decrease in the flow of the 
river is -0.3 cubic m/sec with maximum of -47 cubic 
m/sec in 2012 and minimum of 23 cubic m/sec in 
2008. The decrease of summer flow is the evidence of 
decline in the glacier resources in the catchment area 
of Swat River. The total increase in the flow of Swat 
River in pre-monsoon season (Mild season) is 0.4 
cubic m/sec with highest -64 cubic m/sec in 2012 and 
lowest of -2 cubic m/sec in 2007 (Table-4 and Fig. 7). 
The trend of monsoon season (warm season) shows 
decrease in the flow of river during 2005 to 2013 (Fig. 
7). The deviation from the mean condition reveals an 
increase of 0.3 cubic m/sec with maximum decline of -
117 cubic m/sec during 2011 and minimum of 6 cubic 
m/sec in 2005. 
Table 4.  Kalam, Swat District, Flow of Swat River at Pishmal (Cubic Meter/Second 12 GMT) 2003-2013, PARC, 
Islamabad. 
Year Aver Dev 
Summer Winter Cold Pre-Monsoon Monsoon Post-Monsoon 
Aver Dev Aver Dev Aver Dev Aver Dev Aver Dev Aver Dev 
2005 169.5 -22.7 284.8 -34.1 87.2 -14.5 70.9 -11.4 178.3 -49.2 297.1 -5.6 60.9 -13.0 
2006 208.8 16.6 373.8 54.9 91.0 -10.7 69.9 -12.4 214.8 -12.7 400.8 98.1 80.1 6.2 
2007 208.8 16.6 348.8 29.9 108.8 7.1 86.1 3.8 225.5 -2.0 362.4 59.7 75.1 1.2 
2008 182.7 -9.5 295.6 -23.3 102.1 0.4 81.1 -1.2 218.6 -8.9 259.6 -43.1 90.5 16.6 
2009 167.5 -24.7 244.8 -74.1 112.3 10.6 88.5 6.2 180.6 -46.9 230.1 -72.6 82.3 8.4 
2010 268.3 76.1 489.8 170.9 110.2 8.5 86.2 3.9 314.4 86.9 485.2 182.5 101.3 27.4 
2011 204.9 12.7 272.9 -46.0 156.3 54.6 127.1 44.8 267.1 39.6 186.1 -116.6 112.2 38.3 
2012 147.7 -44.5 271.7 -47.2 59.0 -42.7 49.0 -33.3 163.8 -63.7 288.9 -13.8 39.9 -34.0 
2013 171.5 -20.7 287.6 -31.3 88.6 -13.1 81.7 -0.6 284.7 57.2 214.4 -88.3 23.3 -50.6 
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During winter, the trend of the flow in Swat River 
has remained stable (Fig. 6). The deviation from the 
mean condition shows an increase of 0.2 cubic m/sec 
during 2005 to 2013 (Table 4) having maximum 
deviation of -42.7 cubic m/sec in 2012 and minimum 
of -11 cubic m/sec in 2008. 
During cold season, the trend of flow is -0.3 cubic 
m/sec. The decrease in the flow of cold season is the 
result of decline in winter precipitation of the area. In 
post-monsoon season (cool season), there is a negative 
trend in the flow throughout the series. But the sum of 
deviation from the mean shows an increase of 0.6 
cubic m/sec (Fig. 7).  
Impact on Glaciers 
In the Swat River watershed, the current rise in 
temperature with or without any change in 
precipitation, over the long term will cause glacier 
melting that will lead to higher rates of sliding and 
sediment loads. The result may be small changes in the 
chemical composition of the sediment load, more by 
sand and less by silt and clay, causing enhanced 
deposition in lower Swat valley. But in the case of 
precipitation rate, increased and enhanced temperature 
in the upper watershed, the increased snowfall may 
offset the effects of temperature on the stability of the 
glaciated areas. In the case of 6 percent or more 
increase in snowfall, the effects on the stability and 
sediment load may be positive. However, the overall 
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Winter 87.2 91.0 108.8 102.1 112.3 110.2 156.3 59.0 88.6
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Cold 70.9 69.9 86.1 81.1 88.5 86.2 127.1 49.0 81.7
Pre-Monsoon 178.3 214.8 225.5 218.6 180.6 314.4 267.1 163.8 284.7
Monsoon 297.1 400.8 362.4 259.6 230.1 485.2 186.1 288.9 214.4
Post Monsoon 60.9 80.1 75.1 90.5 82.3 101.3 112.2 39.9 23.3
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effect of this climate change in the lower watershed 
may be negative, which means more sediment in the 
flows. The chemistry and salt composition might also 
be affected. 
Comparison of 2000 and 2010 Glaciers Covered 
Area 
To observe the substantiations of the impact of climate 
change on the glaciers and water flow in Kalam valley, 
a satellite image of 20 meters resolution (2000) and 
glacier covered area extracted from topographical 
maps, Survey of Pakistan (2010) have been correlated 
with each other and presented in Fig. 8. This shows 
that the increase in temperature and decline in the 
precipitation trimmed down the glaciers and ice 
covered area. The satellite image has been revealed 
that during 2000, the area covered by the valley and 
cirque glaciers controlled the day/night temperatures. 
But the polygon of 2010 has represented that there has 
deterioration in the glaciers covered area and most of 
the glaciers have tendency to melt or retreat. The 
decline in the snow covered area has been more than 
50 percent. Most of the glaciers have moved down to 
the valleys due to torrential precipitation during 
summer 2010, and onward the area experienced fresh 
snowfall. Due to widening and deepening processes of 
running water during flood 2010, the valleys have lost 
its snow accumulation capacity and most of the 
glaciers retreat down to Swat River and flow with the 
flood water. This action of the running water has 
provided a base for the increase in temperature of the 
area. This might be controlled by the rejuvenation of 
valley or alpine glaciers. 
The rise in day and night time temperature of 
Kalam has helped to raise the rate of thaw out of 
glaciers and moved to Utror and Ushu rivers at faster 
rate. Consequently, the flow in the streams as well as 
springs has declined with passage of time or turned 
into seasonal (Fig. 9). The glaciers in the extreme north 
of the Ushu River have melted and converted into 
cirque and ribbon lakes (Fig. 10). 
Natural Lakes 
Glacial lakes are natural lakes formed from melted 
glaciers. The formation of glacial lakes takes 
thousands of years. These lakes are classified in three 
ways: glacial erosion lakes, glacial cirque lakes and 
moraine-dammed lakes. Moraine-dammed lakes are 
dangerous, especially if they are connected or in 
proximity to current glaciers, because they can burst 
and release floodwater. Usually, glacial erosion lakes 
and glacial cirque lakes pose little to no immediate 
danger because they are formed from old glaciers 
which are inactive. In Kalam valley, cirque and glacial 
moraine lakes are located in the upper most part of 
Utror and Ushu (Matiltan) valleys (Fig.10). 
The distribution and comparison of natural lakes 
presented in Fig. 8, reveals that there were 12 dry and 
68 active lakes during 2003 that increased to 83 active 
lakes in 2013. The major part of the glaciers in the 
Matiltan and Utror valleys have retreated and 
renovated into cirque and moraine lakes. The famous 
lakes of the valley are Maho Dhand, Andrao Dhand, 
Godar Dhand, and Bharir Dhand etc. Currently, the 
two lakes among them are dry (Godar Dhand and 
Bharir Dhand). 
The water of these lakes has been merged into the 
flood (2010) and their spill ways opened to the valleys. 
The natural lakes show an increase in the Rehmat Shah 
River valley and Gorbela glacier of Gabral, Ghizar and 
Barhi Beg Nala of Utror valley. The glaciers in Ghizar 
and Birhi Beg Nala of Matiltan have been melted due 
to high temperature and characterized by cirque and 
 
Fig. 8 Kalam Valley, Correlation of Existing (2014) and 2000 Glaciers Covered Area. 
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ribbon lakes (Fig. 11). The retreat in the glaciers and 
increase in the number of lakes can cause change in the 
flow of the springs during cool and cold seasons.  
Adaptation to climate change and water resources 
The major adaptive steps to the ongoing climate 
change and its impacts on the water sector in Kalam 
valley are summarized as follows. 
 To overcome the insufficiency of running water, 
caused by climate change, it is needed to construct 
water reservoirs that will help in the shortage of the 
water resources in future supplies to different parts 
of the valleys and recharging of water table.  
 The banks of Swat River and its tributaries are 
unable to face the pressure of high flow during rainy 
season and exposed to the river erosion. This 
problem not only results in the high damages during 
flood but is also widening the river bed and occupies 
most of the cultivated land converting it into 
waterlogged or un-cultivated areas. It is therefore, 
needed to construct river embankments and to 
restrict the river bed up to the water flow capacity.  
 Being an agriculture economy, Kalam valley is 
extraordinarily dependent on its water infrastructure, 
and it has invested in it massively. Due to time 
factor, much of the infrastructure in the study area is 
collapsing or destroyed during the flood disaster of 
2010 and requires investment of the Government for 
the re-establishment and improvement.  
 The government of Pakistan has to improve the 
policy of the water sector management keeping in 
view the needs of nationals, agriculture, disasters, 
power resources, national economy, glaciers 
monitoring and the current climate change. 
 The adaptation strategy of any issue in the future and 
for the vital issue of water resources planning, 
development, and management in particular has to 
be sustainable, technologically advanced, and 
visionary. Water resources planning, development, 
and management in the Swat river system is 
ecologically, technologically, and sociologically 
complex and natural. Adjustment to climate change 
impacts will only be effective if these complexities 
are properly understood.  
 Due to increase in the climate hazards, Pakistan has 
to improve its early warning system and monitoring 
network to enhance adaptive capacity in vulnerable 
 
Fig. 9 Retreat of Glaciers, Left Kany, Utror Valley; Right Gorkin, Ushu Valley (Matiltan). 
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sectors such as agriculture, natural disasters, water 
scarcity, glacier avalanches, and moraines lakes etc.  
 The public needs to be made aware of the climate 
issues with respect to the impacts on the locals, 
physical, cultural, and economic environment. To 
encourage public and private participation, increase 
the transparency of decision-making processes 
related to climate change issues, public awareness, 
and social groups, NGOs to play active roles in the 
adaptation of climate change and to strengthen 
international cooperation.  
 Strengthen glacial research and trans-national 
collaboration with emphasis on mass calculation and 
the effects of glacial recession on biodiversity 
and water resources availability downstream. 
 Priority support to and development of adaptation to 
water related disasters like floods, land sliding, soil 
erosion etc. 
 Improve efficiency of current irrigation systems 
through the use of advance technology and water 
needs. 
 During winters, the temperature of the area is below 
freezing point that causes changes in the flow of the 
water from springs. It is therefore, needed to log the 
spring’s water in tanks and to add it into normal 
supply during low flow. The better option is to dig 
wells and tube wells in the area. 
 Pakistan has to promote scientific and technological 
research to examine impacts of climate change on 
the socio-economic development, hydrology, 
glaciers, agriculture, deforestation, water-logging, 
alternate resources of energy to save forests, and 
advance technologies.  
 
4. Conclusion and Recommendations 
The total decrease in precipitation of the area is -
0.1inch (-2.8 millimeters). The area was strongly 
humid during 2004 and currently hanging on the 
threshold of the sub-humid climates (20-40 inches). 
The annual trend of precipitation shows decrease 
throughout the series which has become sever after 
2010. The deviation of winter season shows a marked 
decrease in the precipitation, while it is converse 
during summer season. During cold and pre-monsoon 
seasons, the trend is negative since 2010. There is a 
slight increase in precipitation during monsoon and 
post monsoon seasons. The annual cycle of 
temperature leads to four sub-seasons namely cold, 
mild, warm, and cool season. The mean monthly 
temperature of the valley reveals an increase of 0.90C, 
maximum temperature of 0.40C, and mean minimum 
temperature of 0.50C. In sub-seasons, the change in 
maximum temperature during cold and warm seasons 
is negative and inverse during mild and cool seasons. 
The minimum temperature remains high during cold 
season and converse in mild, warm, and cool seasons. 
Both maximum and minimum temperature show three 
times double increase during 2013 as compared to 
2003. This increase in the temperature of the area has 
caused water stress and retreat of the glaciers of the 
valley. 
The annual flow is directly proportional to the 
mean maximum temperature and inversly proportional 
to precipitation. The annual flow of the river is 192.2 
cubic m/sec with a total decline of -0.03 cubic m/sec 
from 2003 to 2013. The annual trend of water flow in 
Swat River is directly proportional to precipitation and 
inverse to maximum temperature during 2003 to 2012 
and shows converse condition till 2013. The discharge 
remains high during summers with the rise in 
temperature and low during winters. The decrease in 
flow during summer is -0.3 cubic m/sec, while in 
winter there is increase of 0.2 cubic m/sec.  
 
 
Fig. 11 Kalam Valley, Comparison of 2000 and 2014 Natural Lakes. 
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Due to rise in temperature, the rate of glaciers 
retreate is higher than earlier and has caused depletion 
in the annual flow of streams and seasonal springs. The 
glaciers covered aera of the valley during 2000 has 
been decreased upto fifty percent in 2010.  
 The water sector is more vulnerable to the 
impacts of climate change that can be minimized by 
the construction of new water reservoirs, inland dams, 
and improvement in the water supply, planning for 
flood water, revised policy of the water management, 
implementation, and establishment of research and 
development funds.  
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